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Urbanization is accelerating at an unprecedented pace, bringing with it significant
challenges and opportunities. The Singapore-ETH Centre (SEC), established in
2010 through a strategic partnership between ETH Zurich and Singapore's
National Research Foundation (NRF), is at the forefront of addressing these
challenges. Located in Singapore, a global hub of innovation and urban
development, the SEC focuses on pioneering research and developing practical
solutions for sustainable urban living. Through its flagship programs, such as the
Future Cities Laboratory (FCL) and Future Resilient Systems (FRS), the SEC
integrates diverse disciplines including architecture, engineering, environmental
science, and social sciences. This interdisciplinary approach ensures
comprehensive and innovative strategies to create livable, resilient, and resource-
efficient cities. By leveraging advanced technologies and fostering collaborative
efforts, the SEC aims to set new benchmarks in urban sustainability, making
significant contributions that extend far beyond Singapore. This article delves into
the SEC's mission, its impactful research, and its vision for the future of urban
living.
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Introduction
Brief Overview of the Singapore-ETH Centre (SEC)

The Singapore-ETH Centre (SEC) is a pioneering research institution established in
2010 through a strategic partnership between ETH Zurich, one of the world’s
leading universities in science and technology, and Singapore’s National Research
Foundation (NRF). The SEC serves as a hub for cutting-edge research and
innovation, focusing on the grand challenges of urban sustainability. Located in
Singapore, a global city renowned for its forward-thinking urban policies and
practices, the SEC is uniquely positioned to leverage the expertise of ETH Zurich
and the strategic vision of Singapore to develop practical, scalable solutions for
sustainable urban living.

The SEC operates several key research programs, including the Future Cities
Laboratory (FCL), the Future Resilient Systems (FRS), and Cooling Singapore. Each
of these programs brings together interdisciplinary teams of experts from
architecture, engineering, environmental science, social sciences, and beyond to
tackle the complex issues facing modern cities. By integrating diverse perspectives
and leveraging advanced technologies, the SEC aims to create resilient, livable,
and resource-efficient urban environments that can serve as models for cities
worldwide.

Importance of Sustainable Urban Development in the 21st Century

As the world progresses further into the 21st century, the imperative for
sustainable urban development has never been more critical. With more than half
of the global population now residing in cities, urban areas are the epicenters of
economic activity, cultural exchange, and technological innovation. However, this
rapid urbanization also brings significant challenges, including environmental
degradation, resource depletion, infrastructure strain, and socio-economic
inequalities.

Sustainable urban development seeks to address these challenges by promoting
practices and policies that balance economic growth, environmental stewardship,
and social well-being. This holistic approach is essential for ensuring that cities
can thrive both now and in the future. Key aspects of sustainable urban
development include:



« Environmental Sustainability: Reducing the ecological footprint of cities
through efficient use of resources, minimizing waste, and mitigating the
impacts of climate change. This includes adopting green building practices,
enhancing public transportation, and integrating renewable energy sources.

« Economic Sustainability: Fostering economic growth that is inclusive and
resilient. This involves creating job opportunities, supporting local
businesses, and ensuring that economic benefits are distributed equitably
across the urban population.

« Social Sustainability: Enhancing the quality of life for all city residents by
ensuring access to essential services, promoting social cohesion, and
safeguarding public health and safety. This includes developing affordable
housing, improving healthcare and education, and ensuring public spaces
are accessible and safe.

The SEC’s research and initiatives are crucial in advancing sustainable urban
development. By developing innovative solutions and fostering collaboration
across disciplines and sectors, the SEC plays a pivotal role in shaping the cities of
tomorrow. These efforts not only contribute to the sustainability of urban
environments but also enhance the resilience of cities to adapt and thrive amidst
the evolving challenges of the 21st century.

History and Establishment
Founding of the SEC in 2010

The Singapore-ETH Centre (SEC) was founded in 2010 as a strategic initiative to
address the pressing challenges of urbanization and sustainability. The inception
of the SEC marked a significant milestone in the collaborative efforts between
Switzerland and Singapore, aiming to leverage the strengths and expertise of both
nations in science, technology, and urban planning. The idea was to create a hub
where cutting-edge research could be conducted, innovative solutions could be
developed, and knowledge could be exchanged to tackle the multifaceted issues
that modern cities face.



The founding of the SEC was driven by the recognition that urban areas,
particularly in rapidly growing regions like Southeast Asia, require sustainable
solutions to ensure their long-term viability and livability. The centre was
established with the vision of becoming a global leader in urban sustainability
research, combining scientific excellence with practical applications to create
tangible benefits for cities around the world.

Collaboration between ETH Zurich and Singapore's National Research
Foundation (NRF)

The establishment of the SEC is a testament to the successful collaboration
between ETH Zurich, one of the world’s leading universities in science and
technology, and Singapore's National Research Foundation (NRF), which plays a
crucial role in driving Singapore's research, innovation, and enterprise ecosystem.

ETH Zurich: ETH Zurich is renowned for its cutting-edge research and innovation
across various scientific disciplines. With a strong tradition of academic excellence
and a commitment to addressing global challenges, ETH Zurich was an ideal
partner for the SEC. The collaboration allows ETH Zurich to extend its research
impact and apply its expertise to the urban context of Singapore and beyond.

National Research Foundation (NRF): The NRF, under the Prime Minister’s Office
of Singapore, is dedicated to promoting research and development as a key driver
of economic growth and societal well-being. By partnering with ETH Zurich, the
NRF aimed to harness international expertise and foster high-impact research
that addresses the unique challenges faced by cities in tropical and high-density
environments.

The partnership between ETH Zurich and the NRF is characterized by several key
elements:

« Strategic Vision: Both institutions share a commitment to advancing
sustainable urban development. This shared vision has guided the SEC’s
research agenda and ensured alignment with broader national and
international sustainability goals.

« Interdisciplinary Approach: The collaboration emphasizes the importance
of interdisciplinary research, bringing together experts from architecture,
engineering, environmental science, social sciences, and more. This holistic
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approach is essential for developing comprehensive solutions to complex
urban challenges.

« Resource and Knowledge Sharing: The partnership facilitates the exchange
of resources, knowledge, and expertise between Switzerland and
Singapore. This includes not only financial investments but also the sharing
of best practices, technological innovations, and research methodologies.

o Global Impact: While the SEC is based in Singapore, its research and
innovations have a global reach. The insights and solutions developed at
the SEC are applicable to cities around the world, particularly those facing
similar challenges related to rapid urbanization and sustainability.

The SEC’s founding and its ongoing success are built on the strong foundation of
this collaborative partnership. By combining the scientific rigor of ETH Zurich with
the strategic foresight of the NRF, the SEC has positioned itself as a leader in
urban sustainability research, contributing to the creation of resilient and
sustainable cities for the future.

Mission and Vision
SEC's Mission to Develop Sustainable Urban Solutions

The Singapore-ETH Centre (SEC) was established with a clear and compelling
mission: to develop sustainable urban solutions that address the critical
challenges posed by rapid urbanization, climate change, and resource constraints.
This mission is rooted in a commitment to scientific excellence, innovation, and
interdisciplinary collaboration. Key aspects of the SEC's mission include:

« Pioneering Research: The SEC is dedicated to conducting cutting-edge
research that pushes the boundaries of knowledge in urban sustainability.
This involves exploring new scientific concepts, developing innovative
technologies, and creating practical solutions that can be implemented in
real-world urban environments.

« Interdisciplinary Collaboration: Recognizing that urban challenges are
complex and multifaceted, the SEC brings together experts from a wide
range of disciplines, including architecture, engineering, environmental



science, social sciences, and technology. This interdisciplinary approach
ensures that solutions are holistic and address the diverse aspects of urban
sustainability.

Practical Implementation: The SEC focuses on translating research findings
into practical applications. This involves working closely with policymakers,
industry partners, and urban planners to ensure that the solutions
developed are not only innovative but also feasible and scalable in urban
settings.

Capacity Building: The SEC is committed to building capacity in urban
sustainability through education and training. This includes developing
programs and initiatives that equip current and future urban planners,
architects, engineers, and other professionals with the skills and knowledge
needed to implement sustainable practices.

Global Impact: While based in Singapore, the SEC aims to make a global
impact. The solutions and innovations developed at the SEC are designed to
be adaptable and applicable to cities around the world, particularly those
facing similar challenges related to urbanization and sustainability.

Vision for Creating Livable, Resilient, and Resource-Efficient Cities

The vision of the Singapore-ETH Centre is to create cities that are not only
sustainable but also livable, resilient, and resource-efficient. This vision is driven
by the understanding that the future of urban living depends on our ability to
balance economic growth, environmental sustainability, and social well-being. Key
elements of this vision include:

Livability: The SEC envisions cities that are vibrant, inclusive, and conducive
to the well-being of all residents. This includes creating urban environments
that offer high-quality public spaces, accessible amenities, and a sense of
community. Livable cities are designed to promote health, happiness, and
social cohesion.

Resilience: In the face of increasing environmental and socio-economic

challenges, resilience is a cornerstone of the SEC's vision. Resilient cities are
capable of withstanding and recovering from disruptions, whether they are
natural disasters, economic shocks, or social crises. This involves developing
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robust infrastructure, adaptive planning strategies, and proactive risk
management.

« Resource Efficiency: The SEC aims to create cities that use resources wisely
and sustainably. This includes optimizing energy consumption, reducing
waste, conserving water, and maximizing the efficiency of urban systems.
Resource-efficient cities are designed to minimize their ecological footprint
while supporting economic and social development.

« Innovation and Technology: Central to the SEC's vision is the integration of
advanced technologies and innovative solutions into urban planning and
development. This includes leveraging digital tools, smart city technologies,
and cutting-edge research to enhance the functionality and sustainability of
urban environments.

« Community Engagement: The SEC recognizes the importance of involving
local communities in the planning and development process. Engaging
residents, stakeholders, and local organizations ensures that urban
solutions are tailored to the specific needs and preferences of the
community, fostering a sense of ownership and participation.

« Sustainability and Equity: The SEC's vision is grounded in the principles of
sustainability and equity. This means ensuring that urban development
meets the needs of the present without compromising the ability of future
generations to meet their own needs. It also involves addressing social
inequalities and ensuring that all residents have access to the benefits of
urban living.

In summary, the mission and vision of the Singapore-ETH Centre are centered on
developing innovative, practical, and interdisciplinary solutions that make cities
more livable, resilient, and resource-efficient. Through pioneering research,
collaborative efforts, and a commitment to sustainability and equity, the SEC
strives to create urban environments that are capable of thriving in the face of
21st-century challenges.



Key Research Programs

Future Cities Laboratory (FCL)

Goals and Focus Areas:

The Future Cities Laboratory (FCL) is one of the flagship programs of the
Singapore-ETH Centre (SEC). Its primary goal is to develop innovative solutions for
sustainable urban development, addressing the complex challenges posed by
rapid urbanization. The FCL focuses on several key areas:

1.

Urban Design and Planning: Investigating new approaches to city planning
and design that promote sustainability, livability, and resilience.

. Smart Cities and Technologies: Developing and integrating advanced

technologies to create smart urban environments that enhance efficiency
and quality of life.

. Sustainable Building and Construction: Exploring sustainable building

materials, construction methods, and design principles to reduce
environmental impact.

Transportation and Mobility: Designing efficient, sustainable
transportation systems that improve urban mobility and reduce carbon
emissions.

. Resource Management: Optimizing the use of resources such as water,

energy, and materials within urban environments to promote sustainability.

Notable Projects and Outcomes:

Dense and Green Building Typologies: This project explores innovative
building designs that combine high density with abundant green spaces,
enhancing urban livability and ecological balance.

Cooling Singapore: Originally part of FCL, this project focuses on mitigating
urban heat through various strategies, contributing to the broader goals of
urban sustainability.

Urban Microclimates: Research on how different urban designs impact
local climates, providing insights for planning cooler and more comfortable
urban spaces.



Digital Urban Twin: Development of digital replicas of urban areas to
simulate and optimize urban planning and management processes.

Future Resilient Systems (FRS)

Objectives and Research Themes:

The Future Resilient Systems (FRS) program aims to enhance the resilience of
critical infrastructure systems to ensure that urban environments can withstand
and recover from various disruptions. The objectives of FRS include:

1.

Infrastructure Resilience: Developing strategies and technologies to make
urban infrastructure more robust and adaptable to natural and man-made
threats.

. Risk Management: Identifying, assessing, and mitigating risks to urban

systems through advanced modeling and simulation techniques.

. Interconnected Systems: Studying the interdependencies between

different urban systems (e.g., transportation, energy, water) to improve
overall resilience.

Emergency Response and Recovery: Enhancing the capacity of urban
systems to respond to and recover from emergencies effectively.

Key Achievements and Innovations:

Resilient Energy Grids: Research on making urban energy systems more
resilient to disruptions through innovative grid design and management
practices.

Critical Infrastructure Protection: Development of methodologies to
protect key infrastructure assets from physical and cyber threats.

Urban Flood Management: Creating advanced models and tools to predict
and manage urban flooding, improving resilience against extreme weather
events.

Smart Transportation Networks: Designing transportation systems that can
adapt to disruptions and maintain functionality during emergencies.



Cooling Singapore

Addressing Urban Heat Challenges:

Cooling Singapore is a dedicated initiative aimed at addressing the urban heat
challenges that affect many cities, particularly those in tropical climates like
Singapore. The program focuses on understanding and mitigating the factors that
contribute to urban heat, including the urban heat island effect.

Technological and Strategic Solutions:

1.

Urban Greening: Promoting the use of green spaces, green roofs, and
vertical gardens to reduce urban temperatures and improve air quality.

Reflective Materials: Researching and implementing materials with high
reflectivity for buildings and pavements to reduce heat absorption.

. Urban Design: Optimizing urban layouts to enhance natural ventilation and

reduce heat buildup in densely populated areas.

Climate Modeling: Developing detailed climate models to understand the
impacts of various heat mitigation strategies and inform urban planning
decisions.

. Community Engagement: Involving local communities in the design and

implementation of cooling strategies to ensure their effectiveness and
acceptance.

Notable Projects and Outcomes:

Climate-Resilient Urban Design: Creating guidelines and best practices for
urban design that prioritize cooling and resilience.

Smart Sensor Networks: Deploying sensor networks to monitor urban
temperatures and provide real-time data for managing urban heat.

Policy Recommendations: Providing evidence-based recommendations to
policymakers for implementing effective urban cooling strategies.

Cooling Strategies Assessment: Conducting comprehensive assessments of
various cooling strategies to determine their effectiveness and scalability.
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In summary, the key research programs of the Singapore-ETH Centre—Future
Cities Laboratory (FCL), Future Resilient Systems (FRS), and Cooling Singapore—
each address different aspects of sustainable urban development. Through
interdisciplinary collaboration and innovative research, these programs
contribute to the SEC's mission of creating livable, resilient, and resource-efficient
cities.

Interdisciplinary Approach
Importance of Integrating Diverse Disciplines

The complexity and interconnected nature of urban challenges require solutions
that transcend traditional disciplinary boundaries. The Singapore-ETH Centre
(SEC) champions an interdisciplinary approach as essential to developing
comprehensive and innovative solutions for sustainable urban development.
Integrating diverse disciplines offers several key benefits:

1. Holistic Understanding: Urban issues are multifaceted, involving
environmental, social, economic, and technological dimensions. An
interdisciplinary approach allows for a holistic understanding of these
issues, ensuring that solutions address all relevant aspects rather than just
isolated components.

2. Innovation: Combining knowledge and methodologies from different fields
fosters innovation. Creative solutions often emerge at the intersection of
disciplines, where new perspectives and approaches can lead to
breakthroughs that would not be possible within a single field.

3. Enhanced Problem-Solving: Complex urban problems require diverse skill
sets and expertise. An interdisciplinary team can draw on a wide range of
tools and techniques, making it better equipped to tackle challenges and
develop robust solutions.

4. Comprehensive Solutions: By considering multiple perspectives,
interdisciplinary research ensures that solutions are not only technically
feasible but also socially acceptable, economically viable, and
environmentally sustainable.
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5. Adaptability and Resilience: Urban environments are dynamic and
constantly evolving. An interdisciplinary approach enables the development
of adaptable and resilient solutions that can respond to changing conditions
and emerging challenges.

Collaboration Among Architecture, Engineering, Environmental Science, and
Social Sciences

The SEC's interdisciplinary approach brings together experts from architecture,
engineering, environmental science, and social sciences, creating a rich
collaborative environment. This collaboration is key to addressing the diverse and
interconnected challenges of urban sustainability.

1. Architecture:

o Urban Design and Planning: Architects play a crucial role in designing
urban spaces that are functional, aesthetically pleasing, and
sustainable. Their expertise in spatial planning and design principles
is essential for creating livable and vibrant cities.

o Sustainable Building Practices: Architects contribute to the
development of green building standards and practices, ensuring that
new constructions are energy-efficient, resource-conscious, and
environmentally friendly.

2. Engineering:

o Infrastructure Development: Engineers design and build the critical
infrastructure that supports urban life, including transportation
systems, water supply, and energy networks. Their technical
expertise ensures that these systems are efficient, resilient, and
capable of meeting future demands.

o Technological Innovation: Engineers develop and implement cutting-
edge technologies, such as smart grids, renewable energy systems,
and advanced materials, which are crucial for sustainable urban
development.
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3. Environmental Science:

o Ecological Impact Assessment: Environmental scientists study the
impacts of urbanization on natural ecosystems and develop
strategies to mitigate negative effects. Their work is essential for
preserving biodiversity and ensuring ecological balance within urban
areas.

o Climate Adaptation and Mitigation: Environmental scientists
contribute to understanding and addressing the impacts of climate
change on urban environments. They develop models and strategies
for reducing carbon emissions, enhancing urban resilience, and
promoting sustainability.

4. Social Sciences:

o Community Engagement and Social Equity: Social scientists study
the social dynamics of urban environments, including issues of
equity, inclusivity, and community engagement. Their insights ensure
that urban solutions are socially just and inclusive, addressing the
needs and aspirations of all residents.

o Behavioral Studies and Policy Development: Social scientists analyze
human behavior and its impact on urban systems. They contribute to
the development of policies and programs that promote sustainable
behaviors and enhance the overall quality of urban life.

Case Study: Collaborative Projects at the SEC

One example of the SEC’s interdisciplinary approach in action is the Future Cities
Laboratory (FCL) project on Dense and Green Building Typologies. This project
involved architects, engineers, environmental scientists, and social scientists
working together to design high-density buildings that incorporate extensive
green spaces. The collaboration resulted in innovative building designs that
enhance urban livability, reduce environmental impact, and promote social
interaction.

Another example is the Cooling Singapore initiative, which addresses the urban
heat island effect. This project integrates expertise from urban design
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(architecture), climate modeling (environmental science), infrastructure
development (engineering), and community engagement (social sciences). The
comprehensive strategies developed include urban greening, reflective materials,
and optimized urban layouts, all informed by interdisciplinary research and
collaboration.

In summary, the SEC’s interdisciplinary approach is fundamental to its success in
developing sustainable urban solutions. By integrating diverse disciplines and
fostering collaboration among architecture, engineering, environmental science,
and social sciences, the SEC is able to address the multifaceted challenges of
urbanization holistically and innovatively. This collaborative spirit is key to
creating livable, resilient, and resource-efficient cities for the future.

Notable Researchers and Professionals
Key Figures Involved in the SEC's Initiatives

The Singapore-ETH Centre (SEC) has brought together a diverse group of
distinguished researchers and professionals who have significantly contributed to
its mission of developing sustainable urban solutions. These key figures come
from various disciplines, reflecting the interdisciplinary nature of the SEC's work.
Their expertise and leadership have been instrumental in advancing the SEC’s
research agenda and achieving impactful outcomes.

1. Professor Gerhard Schmitt

o Background: Gerhard Schmitt is a professor of Information
Architecture at ETH Zurich and a driving force behind the
establishment of the SEC. His work focuses on the integration of
information technology and urban design to create smart,
sustainable cities.

o Contributions: As one of the founders of the Future Cities Laboratory
(FCL), Professor Schmitt has led numerous research projects aimed at
improving urban sustainability through innovative design and
technology. His work on digital urban twins has been particularly
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influential, providing powerful tools for urban planning and
management.

2. Professor Peter Edwards

o

Background: Peter Edwards is a professor emeritus at ETH Zurich
with a background in environmental science and urban ecology. He
has served as the director of the SEC, guiding its strategic direction
and research priorities.

Contributions: Professor Edwards has been instrumental in
integrating ecological principles into urban planning and
development. His research on urban resilience and sustainable
resource management has contributed to the development of
strategies for creating more adaptable and environmentally friendly
cities.

3. Professor Kees Christiaanse

o

Background: Kees Christiaanse is an urban planner and architect with
extensive experience in designing sustainable urban environments.
He is a professor of Architecture and Urban Design at ETH Zurich and
a key contributor to the SEC's research initiatives.

Contributions: Professor Christiaanse has led several high-impact
projects within the Future Cities Laboratory, focusing on urban
design strategies that promote sustainability and livability. His work
on integrating green spaces into high-density urban areas has
provided valuable insights into creating more balanced and healthy
cities.

4. Professor Dirk E. Hebel

o

Background: Dirk E. Hebel is a professor of Sustainable Construction
at ETH Zurich, known for his pioneering work in developing
sustainable building materials and construction methods.

Contributions: At the SEC, Professor Hebel has contributed to
research on innovative materials such as bamboo and recycled
concrete, which offer sustainable alternatives to traditional building
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materials. His work has helped advance the field of sustainable
construction, promoting environmentally friendly practices in urban
development.

5. Professor Eleni Chatzi

o

Background: Eleni Chatzi is a professor of Structural Mechanics at
ETH Zurich, specializing in structural health monitoring and
infrastructure resilience.

Contributions: Professor Chatzi's research at the SEC has focused on
developing advanced monitoring and diagnostic tools for urban
infrastructure. Her work has enhanced the ability to predict and
prevent structural failures, contributing to the overall resilience of
urban systems.

6. Professor Thomas Schroepfer

o

Background: Thomas Schroepfer is a professor at the Singapore
University of Technology and Design (SUTD) and an expert in
sustainable architecture and urban design.

Contributions: Professor Schroepfer has collaborated with the SEC
on various projects aimed at integrating sustainable design principles
into urban planning. His research has emphasized the importance of
human-centered design in creating livable urban spaces.

7. Professor Bryan Adey

o

Background: Bryan Adey is a professor at ETH Zurich specializing in
infrastructure management and resilience.

Contributions: Professor Adey has contributed to the Future Resilient
Systems (FRS) program, focusing on strategies to enhance the
resilience of critical urban infrastructure. His work on risk assessment
and management has provided valuable tools for protecting urban
systems from various threats.
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8. Professor Stephen Cairns

o

Background: Stephen Cairns is a professor of Architecture at ETH
Zurich and has served as the Scientific Director of the Future Cities
Laboratory.

Contributions: Professor Cairns has led interdisciplinary research
projects exploring the interactions between urban design,
technology, and social dynamics. His work has highlighted the
importance of integrating social considerations into urban planning
and development.

9. Professor Carlo Ratti

o

Background: Carlo Ratti is an architect and engineer known for his
work on smart cities and urban innovation. He is a professor at MIT
and has collaborated with the SEC on various initiatives.

Contributions: Professor Ratti's research focuses on leveraging digital
technologies to create intelligent urban environments. His work has
influenced the development of smart city solutions that enhance
urban efficiency and quality of life.

10.Dr. Lynette Cheah

o

Background: Lynette Cheah is an assistant professor at SUTD with
expertise in sustainable mobility and transportation engineering.

Contributions: Dr. Cheah has collaborated with the SEC on projects
aimed at reducing the environmental impact of urban transportation
systems. Her research has focused on developing strategies for
promoting sustainable mobility in cities.

These distinguished researchers and professionals exemplify the collaborative and
interdisciplinary approach of the SEC. Their diverse expertise and contributions
have been crucial in advancing the SEC's mission of creating sustainable, resilient,
and livable urban environments. Through their innovative research and
leadership, they continue to shape the future of urban sustainability.
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Industrial and Philanthropic Partnerships

Overview of Industrial Partners

The Singapore-ETH Centre (SEC) collaborates with a variety of industrial partners
to leverage expertise, resources, and practical insights, ensuring that its research
is both innovative and applicable in real-world contexts. These partnerships are
vital in translating academic research into tangible solutions that can be
implemented in urban environments. Some notable industrial partners include:

1.

Siemens: A global leader in electronics and electrical engineering, Siemens
collaborates with the SEC on projects related to smart cities, urban
mobility, and sustainable infrastructure. Their technological expertise
supports the development of intelligent systems that enhance urban
efficiency and sustainability.

. Shell: Known for its work in energy, Shell partners with the SEC on

initiatives aimed at developing sustainable energy solutions. This includes
research on renewable energy integration, energy efficiency, and resilient
energy systems.

. IBM: A key player in information technology and data analytics, IBM

collaborates with the SEC on smart city technologies and big data
applications. Their expertise helps in creating data-driven solutions for
urban planning and management.

Arup: An international engineering and consulting firm, Arup works with
the SEC on urban design, infrastructure resilience, and sustainable building
practices. Their engineering expertise ensures that urban solutions are
technically feasible and robust.

. Keppel Land: A leading real estate company, Keppel Land partners with the

SEC on projects focused on sustainable urban development and innovative
building technologies. Their practical insights into real estate development
help in creating sustainable urban spaces.

City Developments Limited (CDL): This real estate developer collaborates
with the SEC on green building technologies and energy-efficient design.

18



Their commitment to sustainability aligns with the SEC's goals of promoting
environmentally friendly urban development.

ST Engineering: Involved in projects related to urban mobility and smart
transportation systems, ST Engineering's expertise supports the
development of efficient and sustainable transportation solutions.

Role of Partnerships in Advancing Research and Implementing Solutions

Industrial partnerships play a crucial role in the SEC's efforts to advance research
and implement innovative urban solutions. These partnerships offer several key
benefits:

1.

Technological Expertise: Industrial partners bring advanced technologies
and technical know-how to research projects. This collaboration ensures
that the SEC's solutions are cutting-edge and leverage the latest
advancements in various fields.

. Practical Insights: Industrial partners provide valuable insights into the

practical challenges and requirements of implementing solutions in real-
world contexts. Their experience helps in designing solutions that are
feasible, scalable, and address actual urban needs.

. Resource Sharing: Partnerships with industry enable the SEC to access

additional resources, including funding, equipment, and data. This
enhances the centre's capacity to conduct high-quality research and
develop comprehensive solutions.

Pilot Projects and Implementation: Industrial partners often facilitate the
piloting and implementation of research outcomes in urban settings. This
helps in testing and refining solutions, ensuring they are effective and ready
for broader deployment.

. Market Adoption: Collaborating with industry accelerates the market

adoption of innovative solutions. Industrial partners can help bring research
innovations to market, promoting widespread use and impact.
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Contributions from Philanthropic Sources and Grants

Philanthropic contributions and grants also play a significant role in supporting
the SEC's research and initiatives. These sources of funding provide the financial
stability and flexibility needed to pursue ambitious projects and explore new
research avenues.

1.

Philanthropic Foundations: Various philanthropic foundations support the
SEC's mission through donations and grants. These contributions often
focus on specific areas of urban sustainability, enabling targeted research
and development.

. Government Grants: Grants from governmental agencies, including

Singapore's National Research Foundation (NRF), are a major source of
funding for the SEC. These grants support a wide range of research
projects, from fundamental studies to applied research and pilot projects.

. International Research Programs: The SEC secures funding from

international research programs and initiatives. These grants support
collaborative projects that involve multiple institutions and aim to address
global urban challenges.

Corporate Philanthropy: Some industrial partners also engage in corporate
philanthropy, providing additional funding for research initiatives. This
support helps in advancing specific projects that align with both the SEC's
mission and the corporate partner's sustainability goals.

. Individual Donors: Contributions from individual donors who are

committed to supporting urban sustainability also play a role in funding the
SEC's activities. These donations, although smaller in scale, collectively
make a significant impact.

Impact of Philanthropic and Industrial Support

The combined support from industrial partners and philanthropic sources enables
the SEC to pursue a wide range of innovative research projects and initiatives.
This funding supports:

Research and Development: Enabling the SEC to conduct cutting-edge
research and develop innovative solutions for urban sustainability.
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« Capacity Building: Funding education and training programs that equip
professionals with the skills and knowledge needed to implement
sustainable practices.

« Pilot Projects: Supporting the testing and refinement of solutions in real-
world urban settings, ensuring they are effective and scalable.

« Knowledge Dissemination: Facilitating the sharing of research findings and
best practices through publications, conferences, and workshops.

In summary, the industrial and philanthropic partnerships of the SEC are integral
to its success in developing and implementing sustainable urban solutions. These
collaborations bring together technological expertise, practical insights, and
financial support, enabling the SEC to address complex urban challenges and
promote sustainable development in cities worldwide.

Impact and Achievements
Success Stories and Major Breakthroughs

The Singapore-ETH Centre (SEC) has made significant strides in advancing
sustainable urban development through its research programs and collaborative
efforts. Some of the key success stories and breakthroughs include:

1. Digital Urban Twin Technology:

o Breakthrough: Development of sophisticated digital urban twin
models that replicate real-world urban environments in a virtual
space. These models enable detailed simulation and analysis of urban
systems, facilitating better planning and management.

o Impact: Digital twins have been used to optimize urban planning,
enhance infrastructure management, and improve emergency
response strategies.

2. Innovative Building Materials:

o Breakthrough: Research led by Professor Dirk E. Hebel on sustainable
building materials such as bamboo and recycled concrete. These
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materials offer environmentally friendly alternatives to traditional
construction materials.

Impact: The adoption of these materials reduces the environmental
footprint of construction projects and promotes sustainable building
practices.

3. Urban Heat Mitigation:

o

Breakthrough: The Cooling Singapore project has developed
comprehensive strategies to mitigate the urban heat island effect.
This includes urban greening, the use of reflective materials, and
optimized urban design.

Impact: These strategies have been implemented in various parts of
Singapore, leading to a measurable reduction in urban temperatures
and improved thermal comfort for residents.

4. Resilient Energy Systems:

o

Breakthrough: The Future Resilient Systems (FRS) program has
developed innovative approaches to enhance the resilience of urban
energy grids. This includes advanced grid management techniques
and the integration of renewable energy sources.

Impact: These innovations have improved the reliability and
sustainability of urban energy systems, reducing vulnerability to
disruptions and promoting the use of clean energy.

5. Sustainable Transportation Solutions:

o

Breakthrough: Research on sustainable urban mobility has led to the
development of smart transportation systems that optimize traffic
flow, reduce congestion, and minimize carbon emissions.

Impact: These solutions have been implemented in Singapore,
improving urban mobility and contributing to the city’s sustainability
goals.
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Real-World Applications and Benefits of SEC's Research

The SEC's research has had numerous real-world applications, providing tangible

benefits to urban environments. Some of these applications and their benefits
include:

1. Smart City Infrastructure:

o Application: The implementation of smart city technologies such as
loT sensors, data analytics, and digital twins.

o Benefits: Enhanced urban management, improved public services,
and increased operational efficiency. For example, real-time
monitoring of urban systems helps in promptly addressing issues like
water leaks or traffic congestion.

2. Green Building Practices:

o Application: Adoption of sustainable building materials and design
principles in construction projects.

o Benefits: Reduced environmental impact, lower energy consumption,
and improved indoor air quality. Buildings that utilize these practices
contribute to overall urban sustainability and resilience.

3. Urban Cooling Strategies:

o Application: Implementation of urban heat mitigation measures such
as green roofs, reflective surfaces, and urban greening.

o Benefits: Lower urban temperatures, reduced heat stress, and
enhanced livability. These strategies also contribute to better public

health outcomes and energy savings by reducing the need for air
conditioning.

4. Resilient Urban Systems:

o Application: Development and deployment of resilient infrastructure
systems that can withstand and recover from disruptions.

o Benefits: Increased reliability and safety of urban services such as
energy, water, and transportation. This resilience is crucial for
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maintaining urban functionality during emergencies and minimizing
the impact of disruptions on residents.

Case Studies of Urban Projects Influenced by SEC's Work

1. Tengah Eco-Town, Singapore:

o

Project Overview: Tengah is Singapore’s first "forest town," designed
with a focus on sustainability and green living.

SEC's Influence: The design and development of Tengah have been
informed by the SEC's research on sustainable urban planning and
green building practices. The integration of extensive green spaces,
smart energy management, and sustainable transportation options
reflects the principles advocated by the SEC.

Outcomes: Tengah serves as a model for sustainable urban
development, offering a high quality of life while minimizing
environmental impact.

2. Punggol Digital District, Singapore:

o

Project Overview: A smart and sustainable district that combines
business, education, and residential spaces with cutting-edge
technology.

SEC's Influence: The SEC's research on digital urban twins and smart
city technologies has influenced the planning and development of
Punggol Digital District. The use of digital twins for urban planning
and management is a direct application of SEC's innovations.

Outcomes: The district features smart infrastructure, efficient energy
systems, and enhanced urban mobility, showcasing the benefits of
integrating technology into urban development.

3. Green Mark Certification, Singapore:

o

Project Overview: The Green Mark Certification is a green building
rating system that promotes sustainability in the built environment.
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o

SEC's Influence: The SEC's research on sustainable building materials
and energy-efficient design has contributed to the development of
the Green Mark standards.

Outcomes: Numerous buildings in Singapore have achieved Green
Mark certification, resulting in reduced energy consumption, lower
carbon emissions, and improved environmental performance.

4. Jurong Lake District, Singapore:

o

Project Overview: A major urban redevelopment project aimed at
transforming Jurong into a smart and sustainable district.

SEC's Influence: The SEC's interdisciplinary research on urban design,
smart technologies, and resilience has informed the planning and
development of Jurong Lake District.

Outcomes: The district is designed to be a vibrant, sustainable, and
resilient urban area, featuring green spaces, smart infrastructure,
and efficient transportation systems.

In summary, the SEC's impact and achievements are reflected in its success
stories, real-world applications, and influential urban projects. Through innovative
research and collaborative efforts, the SEC has made significant contributions to
sustainable urban development, enhancing the livability, resilience, and resource
efficiency of cities. These achievements demonstrate the value of interdisciplinary
research and the importance of partnerships in addressing complex urban

challenges.

Future Directions and Challenges

Upcoming Research Initiatives and Projects

As the Singapore-ETH Centre (SEC) continues to advance its mission of sustainable
urban development, several upcoming research initiatives and projects are on the
horizon. These initiatives aim to push the boundaries of current knowledge and
develop innovative solutions to emerging urban challenges. Key upcoming
research directions include:
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1. Next-Generation Smart Cities:

o

Initiative: Expanding research on smart city technologies, focusing on
the integration of artificial intelligence, machine learning, and the
Internet of Things (loT).

Projects: Development of autonomous systems for urban
management, Al-driven predictive analytics for infrastructure
maintenance, and enhanced loT networks for real-time urban
monitoring.

Goals: To create more efficient, responsive, and adaptable urban
environments that can anticipate and address issues proactively.

2. Urban Biodiversity and Green Infrastructure:

o

Initiative: Investigating the role of urban biodiversity and green
infrastructure in enhancing urban resilience and quality of life.

Projects: Studies on urban ecosystems, development of green
corridors and wildlife habitats within cities, and research on the
health benefits of green spaces.

Goals: To promote ecological balance in urban areas, enhance
biodiversity, and improve the well-being of urban residents.

3. Climate Resilient Urban Planning:

o

o

Initiative: Focusing on developing strategies to make cities more
resilient to the impacts of climate change, including extreme weather
events and rising sea levels.

Projects: Research on flood management, climate-adaptive building
designs, and urban heat mitigation strategies.

Goals: To ensure that urban areas can withstand and recover from
climate-related disruptions, protecting both infrastructure and
populations.
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4. Circular Economy and Waste Management:

o

Initiative: Advancing research on the circular economy and
sustainable waste management practices.

Projects: Development of technologies for waste reduction,
recycling, and resource recovery, and policy research to support
circular economy initiatives.

Goals: To minimize waste generation, maximize resource efficiency,
and promote sustainable consumption and production patterns in
urban areas.

5. Sustainable Urban Mobility:

o

Initiative: Exploring innovative solutions for sustainable urban
transportation systems.

Projects: Research on electric and autonomous vehicles,
development of multimodal transportation networks, and strategies
to promote active transportation such as walking and cycling.

Goals: To reduce the environmental impact of urban transportation,
enhance mobility options, and improve accessibility for all residents.

Addressing Future Urban Challenges

The SEC is acutely aware of the evolving challenges that cities will face in the
coming decades. Addressing these challenges requires forward-thinking strategies
and innovative solutions. Key urban challenges and SEC’s approaches to
addressing them include:

1. Population Growth and Urban Density:

o

o

Challenge: Managing the pressures of increasing urban populations
and high-density living.

Approach: Developing efficient land-use planning, high-density
building designs that incorporate green spaces, and smart
infrastructure to support larger populations without compromising
quality of life.
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2. Resource Scarcity:

o Challenge: Ensuring sustainable resource use amid growing demand
and finite supplies.

o Approach: Promoting resource-efficient technologies, circular
economy practices, and sustainable consumption patterns to reduce
resource strain.

3. Climate Change and Environmental Degradation:

o Challenge: Mitigating and adapting to the impacts of climate change
and environmental degradation.

o Approach: Implementing climate-resilient urban planning, enhancing
green infrastructure, and developing policies to reduce carbon
emissions and environmental impact.

4. Social Equity and Inclusivity:

o Challenge: Ensuring that all urban residents have equitable access to
resources, opportunities, and services.

o Approach: Fostering inclusive urban development, engaging
communities in planning processes, and implementing policies that
address social inequalities.

5. Technological Integration and Cybersecurity:

o Challenge: Integrating advanced technologies into urban systems
while ensuring cybersecurity and data privacy.

o Approach: Developing robust cybersecurity measures, promoting
transparent data governance, and fostering public trust in smart city
technologies.

Long-Term Vision for Sustainable Urban Development

The SEC's long-term vision for sustainable urban development is guided by a
commitment to creating cities that are not only sustainable but also resilient,
inclusive, and adaptive to future challenges. This vision encompasses several core
principles:

28



1. Holistic Sustainability:

o Vision: Cities that balance environmental, economic, and social
sustainability, ensuring that development meets the needs of the
present without compromising future generations.

o Implementation: Integrating sustainable practices across all aspects
of urban life, from energy and transportation to housing and public
services.

2. Resilience and Adaptability:

o Vision: Urban environments that can withstand and recover from
disruptions, whether from natural disasters, economic shocks, or
social crises.

o Implementation: Developing resilient infrastructure, adaptive urban
planning strategies, and robust emergency response systems.

3. Inclusivity and Equity:

o Vision: Cities where all residents have access to resources,
opportunities, and services, and where social inequalities are
minimized.

o Implementation: Promoting inclusive urban development, ensuring
affordable housing, and fostering community engagement and
participation.

4. Innovation and Technology:

o Vision: Leveraging advanced technologies to enhance urban living,
improve efficiency, and address complex challenges.

o Implementation: Integrating smart city technologies, Al, and data
analytics into urban planning and management, while ensuring
ethical considerations and data privacy.

5. Ecological Integration:

o Vision: Urban environments that coexist harmoniously with natural
ecosystems, promoting biodiversity and ecological balance.
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o Implementation: Incorporating green infrastructure, promoting
urban biodiversity, and ensuring sustainable land-use practices.

6. Collaborative Governance:

o Vision: Urban governance that is transparent, participatory, and
collaborative, involving multiple stakeholders in decision-making
processes.

o Implementation: Fostering partnerships between government,
industry, academia, and communities to develop and implement
sustainable urban policies.

In summary, the SEC's future directions and challenges involve pushing the
frontiers of urban sustainability research, addressing emerging urban challenges
through innovative solutions, and maintaining a long-term vision of creating
holistic, resilient, inclusive, and technologically advanced cities. By continuing to
foster interdisciplinary collaboration and leveraging partnerships, the SEC aims to
shape the future of urban living, ensuring that cities are equipped to thrive in the
face of 21st-century challenges.

Conclusion
Recap of SEC's Contributions to Urban Sustainability

The Singapore-ETH Centre (SEC) has firmly established itself as a global leader in
urban sustainability research since its inception in 2010. By fostering
interdisciplinary collaboration and leveraging partnerships with leading
institutions and industry partners, the SEC has made significant strides in
addressing the complex challenges of urbanization and sustainability. Key
contributions include:

1. Innovative Research Programs: The SEC's flagship programs, such as the
Future Cities Laboratory (FCL) and Future Resilient Systems (FRS), have
generated groundbreaking research and practical solutions for sustainable
urban development. Projects like Cooling Singapore have provided valuable
insights and strategies for mitigating urban heat and improving thermal
comfort.
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2. Interdisciplinary Approach: By integrating diverse disciplines, including
architecture, engineering, environmental science, and social sciences, the
SEC has developed holistic solutions that address the multifaceted nature
of urban challenges. This approach has led to the creation of
comprehensive, adaptable, and scalable urban sustainability strategies.

3. Real-World Impact: The SEC's research has been successfully translated
into real-world applications, influencing urban planning and development
projects in Singapore and beyond. Notable examples include the
sustainable design of Tengah Eco-Town and the implementation of smart
city technologies in Punggol Digital District.

4. Global Leadership: Through its innovative research and collaborative
efforts, the SEC has positioned itself as a thought leader in urban
sustainability. Its work not only benefits Singapore but also serves as a
model for cities worldwide facing similar challenges.

The Ongoing Importance of Innovation in Creating Sustainable Cities

Innovation remains a cornerstone of the SEC's mission and the broader effort to
create sustainable cities. The rapid pace of urbanization, coupled with the
growing threats of climate change and resource scarcity, necessitates continuous
advancements in technology, design, and policy. The ongoing importance of
innovation in this context includes:

1. Technological Advancements: Emerging technologies, such as artificial
intelligence, the Internet of Things (1oT), and advanced materials, are
crucial for developing smarter, more efficient urban systems. These
technologies enable real-time monitoring, predictive maintenance, and
optimized resource management, making cities more sustainable and
resilient.

2. Sustainable Practices: Innovative approaches to building design,
transportation, and resource management are essential for reducing the
environmental impact of urban areas. Sustainable practices, such as green
building standards, renewable energy integration, and circular economy
principles, help cities minimize their ecological footprint and promote long-
term sustainability.
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3. Adaptive Solutions: Innovation allows cities to develop adaptive solutions
that can respond to changing conditions and emerging challenges. This
includes designing infrastructure that can withstand extreme weather
events, implementing flexible urban planning strategies, and fostering a
culture of continuous improvement.

4. Collaborative Efforts: Innovation thrives in a collaborative environment.
The SEC's success demonstrates the importance of partnerships between
academia, industry, government, and communities in driving urban
sustainability forward. Collaborative efforts ensure that diverse
perspectives and expertise are brought to bear on complex urban
problems.

Final Thoughts on the Future of Urban Living

As we look to the future of urban living, it is clear that cities will continue to be at
the forefront of economic, social, and environmental change. The vision of
sustainable, resilient, and inclusive urban environments is not just an ideal but a
necessity for ensuring the well-being of urban populations and the planet. Key
considerations for the future include:

1. Equity and Inclusivity: Ensuring that all residents have access to resources,
opportunities, and services is critical for creating just and equitable cities.
Urban planning and policies must prioritize social equity, affordable
housing, and inclusive public spaces to foster cohesive and thriving
communities.

2. Environmental Stewardship: Protecting and enhancing urban ecosystems is
essential for maintaining ecological balance and improving quality of life.
Cities must integrate green infrastructure, promote biodiversity, and adopt
sustainable practices to mitigate environmental degradation and support
human health.

3. Resilience and Adaptability: Urban areas must be designed to withstand
and recover from disruptions, whether natural or man-made. Building
resilient infrastructure, implementing adaptive planning strategies, and
fostering community resilience are key to ensuring urban sustainability in
the face of uncertainty.
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4.

Innovation and Technology: Embracing new technologies and innovative

solutions will continue to drive progress in urban sustainability. Cities must
remain open to experimentation and learning, leveraging advancements in
science and technology to address emerging challenges and opportunities.

Global Collaboration: The challenges of urbanization and sustainability are
global in nature. Cities must collaborate across borders, sharing knowledge,
best practices, and resources to address common challenges and achieve
shared goals.
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